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EFFECT OF SKEWED WING-TIP CONTROLS ON A VARIABLE-SWEEP 


WING-FUSELAGE CONFIGURATION 

By Emma Jean Landrum and Josephine W. Grow 
Langley Research Center 

SUMMARY 

Basic aerodynamic data are presented for Mach numbers from 0.50 to 1.20. Cor- 
relations obtained from these data are combined with correlations from previous tests 
to provide a summary of the complete investigation in the Mach number range from 0.50 
to 4.62. For the complete investigation wing-sweep angle varied from 30° to 75° through 
an angle -of -attack range from -4° to 8°, a sideslip-angle range from -4° to 6°, and a 
control -deflection-angle range from 0° to 10°. Hinge-line angle relative to the wing 
leading edge varied from 75° to 115°. Reynolds number per foot (meter) varied from 
1.44 X 10 6 (4.72 X 10 6 ) to 3 X 10 6 (9.84 X lO®). 

The increments in lift, rolling-moment, and pitching-moment coefficients due to 
control deflection correlate linearly on the basis of simple geometric parameters such 
as projected frontal control area and projected-frontal-eontrol-area moment about a 
given axis. Deflection of the controls had little or no effect on the longitudinal and lateral 
stability characteristics. Yawing moment, in general, changed from favorable to adverse 
as the hinge-line angle relative to the wing leading edge varied from 115° to 75°. 

Comparison of several controls with constant planform area showed that a control 
with the largest projected frontal area and moments was the most effective. However, 
this control also produced more drag and more adverse yawing moment than the other 
controls. 


INTRODUCTION 

The lateral control of a variable -wing-sweep configuration presents many problems 
to the designers of supersonic aircraft because of the difficulty in maintaining effective- 
ness throughout a large wing-sweep-angle range. Wing-tip controls with skewed hinge 
lines have been suggested as a means of providing better control effectiveness throughout 
the range of wing-sweep angles anticipated. 

The purpose of this investigation was to determine the effect of hinge-line location 
on the static longitudinal and lateral aerodynamic characteristics of a variable-sweep 



wing-fuselage configuration with skewed wing-tip controls. Three wing-tip controls with 
different hinge-line locations were tested on the left wing only at wing-sweep angles from 
30° to 75° through an angle-of-attack range from -4° to 8° and a sideslip-angle range 
from -4° to 6°. Hinge-line angles relative to the wing leading edge varied from 75° to 
115°. 

In this report, the results of tests in the Langley 8-foot transonic wind tunnel are 
presented for Mach numbers from 0.50 to 1.20. Results from tests in the Langley 4- by 
4-foot supersonic pressure tunnel at Mach numbers 1.41 and 2.20 and in the Langley 
Unitary Plan wind tunnel at Mach numbers from 2.60 to 4.62 have been presented in ref- 
erences 1 and 2, respectively. The correlations from references 1 and 2 are combined 
with those from this report to provide a summary of the complete investigation in the 
Mach number range from 0.50 to 4.62. 


SYMBOLS 


All the results are referred to the body-axis system except the lift and drag coeffi- 
cients which are referred to the stability -axis system. The coefficients are based on the 
wing area, the mean aerodynamic chord, and the span for an outboard-wing-panel sweep 
of 75°. The moment center is at a longitudinal location corresponding to 33.5 percent of 
the wing mean aerodynamic chord for the 75° swept wing (see fig. 1). 

b wing span, 18.22 inches (46.28 centimeters) for A = 75° 

c wing local chord 

c wing mean aerodynamic chord, 11.62 inches (29.51 centimeters) for 

A = 75° 

Cj) drag coefficient, Drag/qS 

Cl lift coefficient, Lift/qS 

C Lq! lift-curve slope, dC-^jda, per degree 

Clq slope of lift with respect to control deflection, per degree 

C z rolling-moment coefficient, Rolling moment/qSb 

C effective dihedral parameter, 8C ijdfi, per degree 
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slope of rolling moment with respect to control deflection, 9C^96, per 
degree 

pitching-moment coefficient. Pitching moment/qSc 

slope of curve of pitching moment with respect to lift, SCm/sCj^ 

slope of pitching moment with respect to control deflection, 9C m / 8 6j per 
degree 

yawing-moment coefficient, Yawing moment/qSb 
directional stability parameter, dC n jdp, per degree 
side-force coefficient. Side force/qS 
side -force parameter, SCy^/S, per degree 
free-stream Mach number 

projected-frontal-control-area moment about roll center, inches^ (meters^) 
projected-frontal-control-area moment about pitch center, inches^ (meters^) 
free-stream dynamic pressure 

wing area including body intercept, 187.4 inches^ (1209.03 centimeters^) 
at A = 75° 

control area, inches^ (meters^) 
projected frontal control area, S c sin y sin 6 
angle of attack, degree 

angle of sideslip, positive nose left, degree 

control-hinge -line angle relative to free-stream direction, positive when 
measured from free-stream direction inboard, degree 
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y^ e control -hinge -line angle relative to wing leading edge, positive when meas- 

ured from wing leading edge outboard, degree 

AC L increment in lift coefficient due to control deflection 

ACj increment in rolling-moment coefficient due to control deflection 

AC m increment in pitching-moment coefficient due to control deflection 

6 control deflection measured perpendicular to control hinge line, positive 

when trailing edge is down, degree 

A wing-leading-edge sweep angle, degree 

MODEL 

Details of the variable -sweep wing-fuselage configuration used in the present 
Langley 8-foot transonic wind-tunnel tests and those reported in references 1 and 2 are 
shown in figure 1. The inboard wing panel had a fixed leading-edge sweep angle of 65°, 
a leading-edge radius of 0.0023c, and a streamwise thickness-chord ratio that varied 
from 0.021 at the root to 0.051 at the pivot point of the outboard wing panel. The mov- 
able outboard wing panel, at A = 12°, had a streamwise airfoil section composed of the 
upper half of an NACA 64jA012 airfoil section with a modified leading-edge radius of 
0.0074c. 

General wing information is as follows: 



A 

= 12° 

A 

= 75° 

Area 

199.3 in 2 

(1285.80 cm 2 ) 

187.4 in 2 

(1209.03 cm 2 ) 

Mean aerodynamic chord 

8.40 in. 

(21.34 cm) 

11.62 in. 

(29.51 cm) 

Span 

35.11 in. 

(89.18 cm) 

18.22 in. 

(46.28 cm) 

Aspect ratio 

6.18 


1.77 


Thickness-chord ratio: 





Outboard panel 

0.060 


0.021 


Pivot 

0.051 


0.032 


Root 

0.021 


0.021 


Root chord 

16.33 in. 

(41.48 cm) 

16.33 in. 

(41.48 cm) 

Tip chord 

2.22 in. 

(5.64 cm) 
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Three wing-tip controls of varying size and hinge-line location (fig. 1(b)) were used 
in this investigation and are designated controls A, B, and C. Geometric details of the 
controls are as shown in the following table: 


Control 

Area 

Hinge -line angle relative 
to wing leading edge, 
deg 

in2 

cm2 

A 

5.34 

34.45 

115 

B 

6.68 

43.10 

95 

C 

8.14 

52.52 

75 


TRANSONIC WIND-TUNNEL DATA 
Tests and Corrections 

Tests were conducted in the Langley 8-foot transonic wind tunnel at Mach num- 
bers 0.50, 0.80, 0.97, and 1.20 at Reynolds numbers per foot (meter) of 1.44 x 10® 

(4.72 X 106), 1.95 X 10^ (6.40 X 106), 2.11 X 106 (6.92 X 10^), and 2.18 X 106 (7.15 X 10 6 ), 
respectively, through an angle-of -attack range of approximately -4° to 8°, at sideslip 
angles of 0° and 5°. 

Each control was tested at wing-sweep angles of 30°, 45°, and 75° at each Mach 
number. Hinge-line angle relative to the free-stream direction y for each control is 
shown in figure 1(c) for A = 75°. The variation of y with A is given in the following 
table: 


Control 

y for A 

of: 

30° 

45° 

75° 

A 

5° 

20° 

50° 

B 

25° 

40° 

70° 

C 

45° 

60° 

90° 


Force and moment measurements were made through the use of a sting- supported 
six-component strain-gage balance mounted within the model fuselage. The base pres- 
sure was measured by means of a static-pressure orifice located in the fuselage-base 
cavity, and the measured drag forces were adjusted to correspond to a base pressure 
equal to free-stream static pressure. The angles of attack were corrected for the 
deflection of the balance and the sting under load. 
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Boundary-layer transition was fixed by placing 1/16 -inch -wide (0.159-cm) rough- 
ness strips of No. 60 carborundum grains 1/8 inch (0.318 cm) aft of the wing leading 
edge and 1/2 inch (1.27 cm) aft of the nose apex. 

Aerodynamic Characteristics 

The results of the Langley 8-foot transonic wind-tunnel tests at Mach numbers from 
0.50 to 1.20 and the figures in which they are presented are as follows: 

Figure 

Effect of control deflection on longitudinal aerodynamic characteristics, /3 = 0°: 

A = 30°, M = 0.50 2 

A = 45°, M = 0.50 3 

A = 75°, M = 0.50 4 

A = 30°, M = 0.80 5 

A = 45°, M = 0.80 6 

A = 75°, M = 0.80 7 

A = 30°, M = 0.97 8 

A = 45°, M = 0.97 9 

A = 75°, M = 0.97 10 

A = 30°, M = 1.20 11 

A = 45°, M = 1.20 12 

A = 75°, M = 1.20 13 

Effect of control deflection on lateral aerodynamic characteristics, /3 = 0°: 

A = 30°, M = 0.50 14 

A = 45°, M = 0.50 15 

A = 75°, M = 0.50 . . 16 

A = 30°, M = 0.80 17 

A = 45°, M = 0.80 18 

A = 75°, M = 0.80 19 

A = 30°, M = 0.97 20 

A = 45°, M = 0.97 21 

A = 75°, M = 0.97 22 

A = 30°, M = 1.20 23 

A = 45°, M = 1.20 24 

A = 75°, M = 1.20 25 

Variation of static lateral stability derivatives with angle of attack 26 
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Control deflection produced reasonably linear increments in C m and Cl and 

had no apparent effect on Cm r and . (See figs. 2 to 13.) Each control was 

a 

effective in producing an increment in C^ throughout the range of a, A, 5, and y. 
(See figs. 14 to 25.) The effect of control deflection on the yawing moment is favorable 
for control A = H5°j and unfavorable for control C = 75°) throughout the range 

of Mach number and wing sweep (figs. 14 to 25). Control B produced a favorable incre- 
ment in yawing moment at A = 30° and, generally, no change occurred at A = 45° 
and 75°. These results are compatible with the results of references 1 and 2. The 
static lateral directional stability derivatives are shown in figure 26. Since previous 
results (refs. 1 and 2) showed no effect of hinge-line angle and control deflection, only 
6 = 0° data are presented. 


CONTROL EFFECTIVENESS 

The effectiveness of a control is a measure of its ability to produce the forces and 
moments needed to control an aircraft in flight. It has been shown in reference 3 that 
the effectiveness of controls on a given wing planform at supersonic speeds can be cor- 
related on the basis of simple geometric parameters such as control area and control- 
area moment. All the controls used in reference 3, although varying in planform and 
area, were deflected about hinge lines that were perpendicular to the free-stream direc- 
tion (y = 90°). In reference 4, it was shown that the correlating parameters of refer- 
ence 3 were first-order approximations of the projected frontal area of the controls 
= S c sin 5 sin y). 

Increments in lift, rolling-moment, and pitching-moment coefficients due to control 
deflection were shown in references 2 and 4 to be linear functions of projected frontal 
control area Sp, projected-frontal-control-area moment about the roll center Mj^x> 

and projected-frontal-control-area moment about the pitch center Mp^y? respectively. 

Correlations of ACl, ACj, and AC m with Sp, Mjr ? x> an d M F,Y> respectively, 
are presented in figure 27 for Mach numbers from 0.50 to 1.20. Although more scatter 
in the data occurs at subsonic Mach numbers than at supersonic speeds (refs. 1 and 2), 
the data correlate very well. The effect of Mach number on the slopes of the correlation 
curves is shown in figure 28. Data for Mach numbers 1.41 to 4.62 were obtained from 
references 1 and 2. 

In order to compare the effectiveness of each control, C^, C^, and C m g were 

calculated from the correlations given in figure 28 for a control area equal to that of con- 
trol C and for hinge -line angles relative to the wing leading edge that are equal to those 
of controls A (115°), B (95°), and C (75°). These controls are designated Aj_, Bj, and C, 


7 


respectively. Control-effectiveness parameters for M = 0.5 are presented in figure 29 
as a function of wing-sweep angle. Only one Mach number is presented since the corre- 
lations are linear at each Mach number and vary only in magnitude. Control C is shown 
to be more effective throughout the wing-sweep-angle range. This might have been antic- 
ipated since this control has larger projected frontal areas and moments at each wing 
sweep. Although the effects of hinge-line angle on drag coefficient are not considered in 
this report, it should be pointed out that control C would also produce more drag when 
deflected. (See figs. 2 to 13.) In reference 4, the increment in drag at zero lift was 
shown to be a function of the square of the slope of the control deflection with respect to 
the free-stream direction and the drag due to lift was shown to be a function of the pro- 
jected control area. Control C also produces an adverse yawing moment when deflected. 
(See figs. 14 to 25.) 

The above comparison illustrates the usefulness of the correlations. Once correla- 
tion curves have been determined for a flight vehicle, the effectiveness of any control, 
regardless of planform or area, can be determined. If a particular level of effectiveness 
is needed ^for example, C^ the control planform and area necessary to produce that 

level can be determined for the configuration and the effectiveness of that control can be 
also determined. 


CONCLUDING REMARKS 

An investigation has been made to determine the effect of hinge-line location on the 
aerodynamic and control characteristics of a variable-sweep wing-fuselage configuration 
with skewed wing-tip controls at Mach numbers from 0.50 to 4.62. 

The increments in lift, rolling-moment, and pitching-moment coefficients due to 
control deflection correlate linearly on the basis of simple geometric parameters such as 
projected frontal control area and projected-frontal-control-area moment about a given 
axis. 

Deflection of the controls had little or no effect on the longitudinal or lateral sta- 
bility characteristics. Deflecting the controls, in general, caused the yawing moment to 
change from favorable to adverse as the hinge-line angle relative to the wing leading edge 
varied from 115° to 75°. 

Comparison of the control effectiveness of controls with constant planform area 
showed that a control with the largest projected frontal area and moments was the most 
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effective throughout the wing-sweep range. Such a control, however, also produced more 
drag and more adverse yawing moment. 

Langley Research Center, 

National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., November 15, 1966, 

126-13-02-04-23. 
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(a) Details of complete model. 

Figure 1.- Model details. All dimensions are in inches. (Parenthetical dimensions are in centimeters.) 






(a) Control A. r = 5°. 

Figure 2.- Effect of control deflection on longitudinal aerodynamic characteristics. A = 30°; p = 0°; M = 0.50. 









































(a) Control A. y = 20°. 

Figure 6.- Effect of control deflection on longitudinal aerodynamic characteristics. A = 45° ; p = 0°; M = 0.80. 
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(b) Control B. y = 40°. 
Figure 9.- Continued. 
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Figure 25.- 


(ai Control A. r - 50°. 
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lateral aerodynamic characteristics. 
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27.- Continued. 
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